Samples of the alloy Mg3ln were annealed at 200-250°C in the Bridgman-anvil-type press under pressures between 20 and 100 kbar. After being quenched to ambient pressure and temperature, the crystal structure was studied by X-ray diffraction. The number of close-packed layers in one repeating unit of the alloy structure is twelve with the stacking sequence (31)3 when annealed under the atmospheric pressure, but at 20, 35 and 55 kbar it increases to eighteen with the sequence (3111)3, and at 75 and 100 kbar a 24-layered structure with the sequence (31_1_111)3 has been found to form. The pressureinduced change in the layer-stacking sequence in Mg3In is similar to the change with the decrease in the electron-atom ratio previously observed for the ternary alloys Mg3(Inl_~,,Cd~).
Introduction
Many metals and alloys crystallize in a close-packed structure, which consists of close-packed layers of atoms stacked periodically in a certain direction in the crystal. Stacking sequences of the close-packed layers most commonly observed are ABC... (an f.c.c, structure) and AB... (an h.c.p, structure) . In some alloys a stacking sequence with an unusually long period has been found to exist. Larson, Cromer & Roof (1965) showed that twelve layers are contained in one repeating unit of the Ga3Pu structure, and Bhan (1971) found a 21-layered structure in the Ni2Ti alloy. Similar structures were found in other alloys. Several attempts were made to determine what kind of interatomic force is responsible for the stabilization of these longperiod layer-stacking structures. When the electronatom ratio, e/a, was changed by changing alloy composition, the layer-stacking sequence was observed to show a characteristic dependence on e/a (e.g. Sato, Toth & Honjo, 1967; Beck, 1969) and from these observations it was deduced that the valence electrons play an important role in the stabilization.
There is another kind of long-period structure in alloys. It is what is called a long-period ordered structure, a prototype of which is found in the structure of CuAu II. The long period of CuAu II also shows a dependence on e/a, and Tachiki & Teramoto (1966) presented a quantitative theory which could successfully account for the formation of the long-period ordered structure in this alloy. Recently the present authors (Iwasaki, 1972; Iwasaki, Yoshida & Ogawa, 1974) showed that the long period of CuAu II was changed without a change in e/a when the alloy was subjected to high pressure.
It did not seem unreasonable to anticipate that a similar pressure effect would also be observed for the long-period layer-stacking structure. To detect the pressure effect, it is preferable to use an alloy with large compressibility. The alloy, Mg3In, consisting of compressible metallic elements has been known to have the long-period layer-stacking structure. In the present study the pressure effect on this alloy structure has been investigated.*
Long-period layer-stacking structure in the Mg3ln alloy
The magnesium-indium alloy containing about 25 at% In has an f.c.c, structure at temperatures above 340°C. The two kinds of atom occupy lattice sites at random and hence the alloy is in a disordered state. On lowering the temperature, ordering occurs and the structure becomes the L12 type. The ordered structure is stable over a limited temperature range and the longperiod layer-stacking structure forms below 320°C with the sequence expressed as ABABCACABCBC... or (31)3 in the Zhdanov notation. In Fig. 1 is shown the atomic arrangement in one of the close-packed layers of Mg3In which is identical to that in the (111) plane of the L12-type structure. The long-period structure of Mg3In has rhombohedral symmetry and is designated here as the 12R structure. Schubert, Gauzzi & Frank (1963) first determined this structure by the X-ray powder diffraction method. One of the present authors (Watanabe, 1974) confirmed their results by singlecrystal electron diffraction. It has been shown that the transformation from the disordered f.c.c, structure to the ordered LI2 type is rapid, but the transformation from the latter to the 12R structure is relatively slow. The 12R structure is stable in the composition range between 23 and 26 at. % In, and there exists no other phase with long-period layer-stacking structure in the binary magnesium-indium system. However, when a variable amount of cadmium was added to Mgaln to produce ternary alloys, a gradual change was found to
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occur in the stacking sequence of the close-packed layers .
Experimental procedures Preparation of specimens
The Mg3In alloy was prepared by melting appropriate amounts of 99-9% pure magnesium and 99.99 % pure indium in graphite crucibles under argon gas atmosphere. In order to avoid segregation, melting was repeated after the ingot was turned upside down in the crucible. Chemical analysis of the solidified ingot showed the composition to be Mg-24.1 at. % In. The alloy ingots were then filed to obtain powders. They were sealed in an evacuated quartz tube, annealed at 360°C for two days, and quenched in water. X-ray diffraction photographs showed the alloy to be homogeneous. Ordering of the atomic arrangement occurred during quenching and the alloy had the Llz-type structure.
High-pressure experiment
The alloy was compressed by use of a Bridgmananvil-type press. The diameter of the anvil at its truncated face was 26 mm. The pyrophillite disk used as a gasket was 26 mm in diameter and 2.3 mm in thickness. A hole of 5 mm in diameter drilled in the centre of the disk served as a space for the specimen and the heater. Fig. 2 shows the assembly to be embedded in the centre of the disk. The assembly is essentially the same as that used by Nishikawa & Akimoto (1971) in their high-pressure-high-temperature experiment. The pyrophillite disks were annealed at 650°C for about an hour, in order to improve their behaviour under compression. Temperature was measured by a chromelalumel thermocouple of 0.1 mm in diameter. No correction was made for a pressure effect on the electromotive force of the thermocouple. Pressure generated in the centre of the disk was estimated by referring to a calibration curve, which had been obtained utilizing the phase transformations in bismuth (25.5 and 77 kbar) and tin (100 kbar). The maximum pressure applied to the alloy specimens was 100 kbar. Changes in pressure due to an increase in the specimen temperature were considered to be negligible, for, as is mentioned below, pressure annealing was done at a relatively low temperature.
The quenched powdered alloy was packed into a small space, G in Fig. 2 , and then the pressure was increased to a predetermined value. The specimen temperature was raised by an AC current passed through the heater and samples of the alloy were annealed at 200-250°C for a day at 20 kbar, for two days at 35 kbar, for three days at 55 and 75 kbar and for four days at 100 kbar; different specimens were used for the different pressures applied. At the end of each annealing treatment, temperature and, subsequently, pressure were lowered to ambient, and the crystal structure of the annealed alloy was studied by X-ray diffraction. Heating up to much higher temperatures sometimes resulted in deterioration of the specimens, but, when the annealing was done at 200-250 °C, no composition change or oxidation occurred.
X-ray diffraction
As a result of the annealing under compression, the powdered alloy was sintered in the form of a thin briquette. A tip, about 0.2 mm in diameter and 1.5 mm in length, cut with a razor from the briquette, was used as a specimen for the X-ray diffraction study. Diffraction photographs were taken with a cylindrical camera of 90 mm in diameter with Cu K~ and Fe K~ radiation. Fig. 3 shows a series of X-ray diffraction patterns taken from the Mg3In alloy annealed at 1 bar, 55 kbar and 100 kbar. When the alloy is annealed at 1 bar and 200-250°C, it is expected to have the 12R structure. All the diffraction lines in Fig. 3(a) , except a few lines arising from boron nitride sticking to the briquette, can be indexed in terms of this structure. Indices given are those referred to a hexagonal lattice with a= 6-348 and c=31.17 A. The patterns in Fig. 3 though somewhat diffuse, look similar to that in Fig.  3 (a), but they have a notable feature; the diffraction lines with the indices of h-k=3n (n, an integer) appear at nearly the same diffraction angles as the corresponding ones in Fig. 3 (a) of the 12R structure, whereas those with the indices of h-k= 3n + 1 appear at deviated diffraction angles. For instance, the lines 20.5 and 02.7 gradually shift on going from the top pattern (a) to the bottom one (c), as shown by the arrows. In addition to the shift, the lines of h-k= 3n_+ 1 appear broadened. These facts can be interpreted as an indication of the change in the stacking sequence of the close-packed layers of the alloy. Diffraction patterns nearly identical to that in Fig.  3(b) were obtained from the alloy annealed at 20 and 35 kbar. Annealing at 75 kbar gave a pattern nearly identical to that in Fig. 3(c) .
Experimental results

Determination of the layer-stacking sequence
Shifts of the diffraction lines similar to those mentioned above were observed in a series of ternary alloys Mg3(Inl_x, Cdx) (Watanabe, 1974) . When x=0, the structure of tl-~e alloy was, as it should be, the 12R structure. With increasing x the lines were observed in this previous study to shift in the same directions as those of the present MgaIn alloy. Combining the method of X-ray powder diffraction with that of singlecrystal electron diffraction, it was possible to determine unambiguously the layer-stacking sequence in the ternary alloys. The results of the previous study were successfully utilized in the determination of the structure of the pressure-annealed alloy. The layer sequence in the 12R structure of Mg3In can be divided into components ABAB, CACA, BCBC, ..., each consisting of four layers with an h.c.p.-type sequence. If two more layers are added to each so as to increase the h.c.p.-type sequence, the resulting layer stacking is ABABAB, CACACA, BCBCBC, .... Eighteen layers are contained in one repeat unit of the new structure (18R structure) and the layer-stacking sequence is expressed as (3111)a. This structure is shown to give a diffraction pattern consistent with what has been observed in the present study.
In Table 1 are compared the calculated interplanar spacings and the X-ray intensities of the reflexions from the 18R structure with the observed values for the alloy annealed at 55 kbar. In this calculation the lattice parameters chosen are a--6.340 and c=46.76 A. Agreement between the calculated and observed values is generally good, though the observed intensities of the reflexions with the indices of h-k=3n+ 1 are somewhat small as compared with the calculated ones. This disagreement is due to the presence of a small number of faults in the tayer stacking which gives rise to broadening of the diffraction lines and, accordingly, lowering of the peak intensity. The 18R structure was observed also for the alloy annealed at 20 and 35 kbar. In the ternary alloys this structure appears at x = 0.3.
The diffraction patterns obtained from the samples annealed at 75 and 100 kbar can be explained assuming that the h.c.p.-type sequence extends further and the layer stacking is expressed as A BA BA BA BCA CA CA CA BCBCBCBC... or (311111)3. This is the 24R structure. In the real structure of the alloy, however, there are a number of stacking faults, as can be inferred from the pattern in Fig. 3(c) . In the ternary alloys the corresponding structure appears at x--0.4.
The results obtained are summarized in Table 2 . The lattice parameters measured for the pressureannealed alloys using the reflexions of h-k=3n are also shown in the table, where the axial ratio is expressed in the normalized form corresponding to the h.c.p, structure. It can be seen that the application of pressure to the Mgaln alloy gives rise to an increase of the period of the layer stacking. At the same time, the h.c.p.-type layer sequence is increased, or in other words, the hexagonality is increased. This suggests that annealing under much higher pressure would result in the formation of a structure with much larger hexagonality. Attempts have therefore been made to apply pressures of 120 and 140 kbar by making use of anvils of smaller diameter. The tendency for the formation of the structure with larger hexagonality was
PRESSURE-INDUCED CHANGE IN LAYER STACKING SEQUENCE IN Mgsln
certainly recognized at these pressures. However, additional diffraction lines arising from the original cubic structure (L12) were also observed, showing incompleteness of the transformation, although it was complete at lower pressures. An extremely long annealing time would be required to obtain a single phase with a layer stacking closer to the h.c.p, type. In the ternary alloys, on the other hand, a nearly perfect h.c.p, structure appears at x=0.6. 1 .:iI-(hk-g)J3.l.P-ra (m: mi:ltil.licttv l.~c,,,r) 
Discussion
Pressure-induced changes in the layer-stacking sequence have also been found for the lanthanide elements. For instance, gadolinium having the h.c.p. structure shows a transformation by compression into a phase having a samarium-type structure with the sequence ABABCBCAC..., which can be retained to ambient pressure (Jayaraman & Sherwood, 1964) . The general trend of the structural transformations found for the elements is summarized in a sequence, h.c.p. -+ Sm-type ~ double h.c.p.
--> f.c.c. (Jayaraman, 1965) . In this sequence the hexagonality in the layer stacking decreases with increasing pressure, which is the reverse of what has been observed in the present Mg31n alloy. While the axial ratio of the lanthanide elements, expressed in a normalized form, generally increases with increasing hexagonality, that of the Mg3In alloy remains almost constant even when the layer stacking is changed, as seen in Table 2 to the stabilization of the 12R structure at atmospheric pressure, and has a different form, for which the layerstacking structure with the longer identity period is stable. Further work, both theoretical and experimental, will be necessary to confirm these possibilities.
Introduction
An electric field applied to a crystal may change its optical properties. In the case of the linear or quadratic electro-optic effect of insulators, the electrical field causes variations in the size and the spatial orientation of the index ellipsoid. The cut-off frequency of this effect is very high (10 9 Hz). Hence crystals showing such effects find technical application as light modulators (Yariv, 1968) . The influence of an applied homogenous electrical field on the fundamental absorption of semiconductors has been treated theoretically by Franz (1958) and Keldysh (1958) . The spectral dependence of the modulated transmission signal was found to be proportional to the differential of the transmitted intensity with respect to the photon energy of incident light. Experimentally, it is very difficult to observe the Franz-Keldysh effect under ideal conditions, because high electric fields have to be used. To avoid heating from large currents one must resort to samples of high resistivity or the use of p-n junctions (Moss, 1971) . The WO3 crystals used for this investigation do not satisfy these prerequisites. In spite of this, a field-induced transmission was observed in approximately the same spectral region. The field strengths used were much lower than in the case of the Franz-Keldysh effect. In this paper, the effect of small electric fields on the absorption behaviour of WO3 is discussed.
Tungsten trioxide crystallizes in a perovskite-like structure. According to Le Bihan & Vacherand (1970) WO3 is an n-type semiconductor with a charge carrier density of 6 × 10 is cm -a. The specific conductivity and the Hall coefficients of the crystals have been measured by Muhlestein & Danielson (1967) and Tanisaki (1960a) , who also solved the structure. To obtain more information about the electronic structure, optical investigations near the fundamental absorption edge had to be carried out.
Experimental
WO 3 crystals were grown from a melt using commercial WO3 powder (Merck 829). The probes without any domain structure had a size of 0.5 × 0.5 x 0.008 mm. A thin film of silver was deposited on the (100) surfaces to ensure good electrical contacts. To these contacts DC and AC voltages were applied via a protective resistance. The nonlinear I-U characteristic is shown in Fig. 1 . The optical examinations were carried out with the light of a tungsten-filament lamp or an Ar laser which was focused on to the (001) face of the crystal. The spectral response of the transmitted light was detected by a 1 m Czerny Tuner spectrometer and a photon counting system.
To measure the optical transmission curves without an electric field at various temperatures, the crystals were mounted on a Ni-Cr-Ni thermocouple. The
